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METHOD AND SYSTEM FOR PANORAMIC
MULTIMEDIA STREAMING

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of provisional
application 62/216,326 filed Sep. 9, 2015, entitled
“CLOUD-EMBEDDED SERVER FOR STREAMING
PANORAMIC MULTIMEDIA SIGNALS?, the entire con-
tent of which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to streaming of multimedia
signals containing panoramic video signals. In particular, the
invention is directed to methods and apparatus for viewer
control of video-signal content.

BACKGROUND

In a data-streaming system, a server may transmit multi-
media data to multiple client devices. The server may
perform transcoding functions to adapt data according to
characteristics of client devices as well as to conditions of
network paths from the server to the client devices. The
multimedia data may represent video signals, audio signals,
static images, and text.

Streaming multimedia data containing panoramic video
signals requires relatively higher capacity transport
resources and more intensive processing. A panoramic video
signal from a video source employing a panoramic camera
occupies a relatively high bandwidth of a transmission
medium. Sending the panoramic video signal directly from
the video source to a client device requires a broadband path
from the video source to the client’s device and high-speed
processing capability at the client device. Additionally, the
video signal may require adaptation to suit differing char-
acteristics of individual client devices.

Conventionally, streaming servers have been used to
perform multimedia signal adaptation and distribution to
individual client devices. With panoramic multimedia-sig-
nals, a high-capacity path need be established between the
multimedia source and the streaming server, paths of adap-
tive capacities need be established between the streaming
server and multiple client devices, and the streaming server
need be equipped with powerful processing facilities.

In a panoramic-multimedia streaming system, it is desir-
able to provide clients with the capability to adaptively
select view regions of panoramic scenes during a streaming
session. It is, therefore, an object of the present invention to
provide a flexible streaming server with the capability of
client-specific signal-content filtering as well as signal pro-
cessing to adapt signals to different types of client devices
and to varying capacities of network paths to and from client
devices.

SUMMARY

The preferred implementation of the sought flexible
streaming server is a cloud-embedded server. Cloud com-
puting enables participants to dynamically access resources
which may be reserved and released as the need arises. The
resources include processing units, memory devices, and
network links.

In accordance with an aspect, the present invention pro-
vides a method of video-signal streaming. The method is
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implemented at a server which comprises multiple physical
processors and associated memory devices. The method
comprises a process of accessing a panoramic multimedia
source to acquire a video signal. If the acquired video signal
is uncompressed and has been de-warped at source, the
video signal constitutes a “pure video signal” which may be
displayed on a screen or further processed for distribution to
client devices. If the acquired video signal has been com-
pressed at source, the video signal is decompressed at the
server. If the acquired video signal has not been de-warped
at source, the video signal is de-warped at the server. An
uncompressed or decompressed video signal which is de-
warped at the server is a pure video signal. To provide
service to a specific client device, the pure video signal is
transcoded to produce a transcoded signal compatible with
the client device. The pure video signal corresponds to an
attainable coverage of a solid angle of up to 4w Steradians
and is likely to have a large flow rate (bit rate), of multi Gb/s
for example, which may exceed the available capacity of a
path from the server to the client device. The transcoded
signal may also have a flow rate that exceeds the capacity of
the path. Thus, the transcoded signal is compressed to yield
a flow rate not exceeding the capacity of the path.

The compressed transcoded signal is transmitted to the
client device to be decompressed and displayed at the client
device. A viewer at the client device may then identify a
preferred view region and send descriptors of the preferred
view region to the server. The transcoded signal is then
content-filtered to retain only portions of the signal that
correspond to the preferred view region. The content-filtered
signal may be compressed then transmitted to the client
device.

The method further comprises processes of determining a
permissible flow rate along a path from the server to the
client device and ensuring that compressed transcoded sig-
nal conforms to the permissible flow rate and that the
subsequent compressed content-filtered signal conforms to
the permissible flow rate.

When the server accesses the panoramic multimedia
source, the source provides a multimedia signal comprising
the video signal as well control data including indications of
any signal processing applied to the video signal, such as
de-warping and compression. The acquired video signal is a
panoramic video signal which may be produced by a single
camera or produced by combining video signals from mul-
tiple cameras.

To enable a user of the client device to communicate
identifiers of a preferred view region, the server sends to the
client device a software module devised for this purpose.
The server may be partially or entirely installed within a
shared cloud-computing network where the physical pro-
cessors and associated memory devices are allocated as the
need arises.

In accordance with another aspect, the present invention
provides a method of video-signal streaming implemented at
a server comprising at least one physical processor. The
method comprises a process of accessing a panoramic
multimedia source to acquire a video signal. If the acquired
video signal has been compressed or has not been de-warped
at source, the video signal is processed to produce a “pure
video signal” as described above.

To provide service to a set client devices of a specific
client device, the pure video signal is transcoded to produce
a transcoded signal compatible with the client-device type.
The transcoded signal may have a flow rate that exceeds the
capacity of some of the paths from the server to the client
devices. To provide the client devices with a full-coverage
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(attainable-coverage) view, a signal sample of a reduced
flow rate is generated and multicast to client devices. A
signal sample may be a frame-sampled transcoded signal or
a compressed transcoded signal. Upon receiving from a
particular client device an identifier of a respective preferred
view region, the transcoded signal is content-filtered to
produce a client-specific signal corresponding to the respec-
tive preferred view region. The client-specific signal is
compressed and transmitted to the particular client device.

In accordance with a further aspect, the present invention
provides a method of video-signal streaming implemented at
a server comprising at least one physical processor. The
method comprises processes of acquiring a panoramic video
signal and transcoding the panoramic video signal to pro-
duce a transcoded signal compatible with a client device. A
signal sample of the transcoded signal is then transmitted to
the client device. Upon receiving from the client device
descriptors of a preferred view region, the content of the
transcoded signal is edited to produce a content-filtered
signal corresponding to the preferred view region. The
content-filtered signal, or a compressed form of the content-
filtered signal, is sent to the client device instead of the
signal sample.

Acquiring the panoramic video signal comprises pro-
cesses of establishing a connection from the server to a
panoramic multimedia source, requesting and receiving a
multimedia signal that includes the panoramic video signal
together with indications of any signal processing applied to
the panoramic video signal at source. The acquired pan-
oramic video signal may be decompressed and/or de-warped
at the server according to the indications of processes
performed at source. The signal sample may be a frame-
sampled signal comprising distant frames of the transcoded
signal. Alternatively, the signal sample may be a compressed
form of the transcoded signal.

In accordance with a further aspect, the present invention
provides a method of video-signal streaming implemented at
a server comprising at least one physical processor. The
method comprises acquiring a source video signal from a
panoramic multimedia source and producing a pure video
signal as described above.

The method further comprises editing content of the video
signal to produce a set of content-filtered signals corre-
sponding to a predefined set of view regions. Each content-
filtered signal is transcoded to produce a set of transcoded
signals compatible with a particular client device. Each of
the transcoded signals is compressed to produce a set of
compressed signals. The compressed signals are succes-
sively transmitted to the client device. Upon receiving from
the particular client device an identifier of a specific com-
pressed signal corresponding to a preferred view region,
only the specific compressed signal is subsequently trans-
mitted to the client device.

The server is devised to acquire a multimedia signal
comprising a video signal from a signal source comprising
apanoramic camera, a signal source comprising a panoramic
camera and a de-warping module, a signal source compris-
ing a panoramic camera and a compression module, or a
signal source comprising a panoramic camera, a de-warping
module, and a compression module.

In accordance with a further aspect, the present invention
provides a server for panoramic multimedia streaming. The
server comprises multiple physical processors and associ-
ated memory devices storing modules of software instruc-
tions which cause the processors to provide content-filtered
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4

signals to client devices of different types and connecting to
the server through communication paths of different capaci-
ties.

A network interface module is devised to establish,
through at least one network, communication paths to and
from at least one panoramic video source; and a plurality of
client devices. A decompression module is devised to
decompress a video signal that has been compressed at
source. A de-warping module is devised to de-warp a video
signal which has not been de-warped at source. A transcod-
ing module is devised to adapt a video signal to character-
istics of any client device of the plurality of client devices.
A content-filtering module is devised to edit content of a
video signal to correspond to an identified view region. A
control module is devised to communicate with the at least
one panoramic video source to acquire source video signals,
present video signals to the transcoding module and the
content-filtering module to generate client-specific video
signals, and send the client-specific video signals to respec-
tive client devices.

The server further comprises a frame-sampling module
comprising processor executable instructions which cause a
processor to sample a video signal during distant frame
intervals to produce a frame-sampled video signal. The
server further comprises a memory device storing software
modules for distribution to the plurality of client devices to
enable users of the client devices to communicate identifi-
cations of preferred viewing regions to the server.

The server further comprises a learning module devised to
retain viewing-preference data and correlate viewing pref-
erence to characteristics of client devices. The server further
comprises a client-profile database that stores characteristics
of'each client-device type of a set of client-device types. The
characteristics comprising upper bounds of frame rate,
frame resolution, and flow rate.

The server further comprises network access ports to
communicate with a plurality of video sources and a plu-
rality of client devices through a shared network. The server
may be partially or entirely installed within a shared cloud-
computing network where the physical processors and asso-
ciated memory devices are allocated on demand.

In accordance with another aspect, the invention provides
a method of signal streaming. The method is implemented at
a server which may be implemented using hardware pro-
cessing units and memory devices allocated within a shared
cloud-computing network. The method comprises processes
of multicasting a signal to a plurality of clients, receiving
from a specific client a request to modify content of the
signal, producing a modified signal, and transmitting the
modified signal to the specific client. The signal may be
derived from a panoramic multimedia signal containing a
panoramic video signal produced by a single camera or
produced by combining video signals from multiple cam-
eras. The modified signal may be a partial-coverage multi-
media signal.

In order to produce the modified signal, the method
comprises processes of de-warping a video-signal compo-
nent of the signal to produce a de-warped video signal and
adapting the de-warped video signal to the client device to
produce a device-specific video signal. The device-specific
signal may be adapted to a viewing-preference of a client.
The viewing preference may be stated in a request received
from a client or be based on a default value specific to a
client-device type.

The method comprises a process of acquiring character-
istics of client devices which communicate with the server
to request streaming service. A record of the characteristics
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of' the client device and viewing preference may be added to
a viewing-preference database maintained at the server.

In accordance with another aspect, the invention provides
a method of signal streaming performed at a server which
may be fully or partially implemented using resources of a
cloud computing network. The method comprises processes
of acquiring a panoramic multimedia signal, decompressing
and de-warping a video-signal component of the panoramic
multimedia signal to produce a pure video signal. For a
given client device of a plurality of client devices:

(1) the pure video signal is content filtered to produce a

respective content-filtered signal which corresponds to
a selected view region; and

(ii) the content-filtered signal bound to a client device is
adapted to characteristics of the client device as well as
to characteristics of a network path from the server to
a target client device;

Each client device comprises a processor, a memory

device, and a display screen.

The client device may send an indication of viewing
preference to the server. The server produces a respective
content-filtered signal, corresponding to the viewing pref-
erence, to be sent to the client device.

The method further comprises:

(a) retaining data relating viewing preference to charac-

teristics of clients’ devices; and

(b) using the retained data for determining a default
viewing preference for each client device of the plu-
rality of client devices.

In accordance with a further aspect, the invention pro-
vides a method of signal streaming. The method is imple-
mented in a server which is at least partly configured based
on resources of a cloud computing network. The method
comprises acquiring a panoramic video signal that is de-
warped and compressed at source then de-compressing the
panoramic video signal to produce a pure video signal.

A set of modified signals is then produced where each
modified signal corresponds to a respective partial-coverage
pattern of a predefined set of partial-coverage patterns. Upon
receiving connection requests from a plurality of client
devices, where each connection request specifies a preferred
partial-coverage pattern, the server determines for each
client device a respective modified signal according a
respective preferred partial-coverage pattern. The respective
modified signal bound to a particular client device may
further be adapted to suit characteristics of the particular
client device and characteristics of a network path to the
particular client device.

In accordance with a further aspect, the invention pro-
vides a panoramic multimedia server comprising a hardware
processor, a video-source interface, a video-source charac-
terization module, a module for content-filtering a pan-
oramic video signal received from a video source to produce
a content-filtered signal corresponding to a view-region
selection, a module for compressing the content-filtered
signal, and a module for adapting a video-signal to client-
device characteristics.

The panoramic multimedia server further comprises:

(a) a learning module configured to retain viewing-pref-
erence data and correlate viewing preference to char-
acteristics of client devices and optionally clients’
environment; and

(b) a module for determining client-device characteriza-
tion coupled to the module for adapting a video-signal
to client-device characteristics.
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6
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will be further
described with reference to the accompanying exemplary
drawings, in which:

FIG. 1 illustrates a system for panoramic multimedia
streaming comprising a panoramic multimedia source and a
panoramic multimedia server, in accordance with an
embodiment of the present invention;

FIG. 2 illustrates a system for panoramic multimedia
streaming comprising multiple panoramic multimedia
sources and multiple panoramic multimedia servers, in
accordance with an embodiment of the present invention;

FIG. 3 illustrates communication options between a pan-
oramic multimedia source and a panoramic multimedia
server, in accordance with an embodiment of the present
invention;

FIG. 4 illustrates communication paths corresponding to
the communication options of FIG. 3;

FIG. 5 illustrates components of an end-to-end path
corresponding to a first communication option of the com-
munication options of FIG. 3, in accordance with an
embodiment of the present invention;

FIG. 6 illustrates components of an end-to-end path
corresponding to a second communication option of the
communication options of FIG. 3, in accordance with an
embodiment of the present invention;

FIG. 7 illustrates components of an end-to-end path
corresponding to a third communication option of the com-
munication options of FIG. 3, in accordance with an
embodiment of the present invention;

FIG. 8 illustrates components of an end-to-end path
corresponding to a fourth communication option of the
communication options of FIG. 3, in accordance with an
embodiment of the present invention;

FIG. 9 illustrates multimedia signals and control signals at
input and output of a signal-editing unit of a panoramic
multimedia server, in accordance with an embodiment of the
present invention;

FIG. 10 illustrates components of an exemplary pan-
oramic multimedia server employing client-specific adapta-
tion modules, in accordance with an embodiment of the
present invention;

FIG. 11 details a client-specific adaptation module of the
exemplary panoramic multimedia server of FIG. 10, in
accordance with an embodiment of the present invention;

FIG. 12 illustrates temporal variation of flow rate of a
compressed video signal;

FIG. 13 illustrates modules for generating video signals of
reduced flow rates yet suitable for exhibiting panoramic full
spatial coverage to enable a client to select a preferred
partial-coverage view, in accordance with an embodiment of
the present invention;

FIG. 14 illustrates a process of requesting and acquiring
a content-filtered video signal, in accordance with an
embodiment of the present invention;

FIG. 15 illustrates temporal flow-rate variation of video
signals transmitted from a panoramic multimedia server to a
client device, the video signals including a frame-sampled
video signal followed by a compressed video signal;

FIG. 16 illustrates the signal-editing unit of FIG. 9
structured as a content-filtering stage and a signal-process-
ing stage, in accordance with an embodiment of the present
invention;

FIG. 17 illustrates the content-filtering stage of FIG. 16;

FIG. 18 illustrates a signal-processing unit of the signal-
processing stage of FIG. 16;
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FIG. 19 illustrates the signal-editing unit of FIG. 16
including details of the content-filtering stage and signal-
processing stage, in accordance with an embodiment of the
present invention;

FIG. 20 illustrates processes of video signal editing for a
target client device, in accordance with an embodiment of
the present invention;

FIG. 21 details a module for determining permissible flow
rates;

FIG. 22 illustrates components of a client device, in
accordance with an embodiment of the present invention;

FIG. 23 illustrates communication paths between a pan-
oramic multimedia server and panoramic multimedia
sources in accordance with an embodiment of the present
invention;

FIG. 24 illustrates communication paths between the
panoramic multimedia server of FIG. 23 and a plurality of
heterogeneous client devices in accordance with an embodi-
ment of the present invention;

FIG. 25 illustrates a system of multicasting client-specific
content-filtered multimedia signals adapted from a pan-
oramic multimedia signal generated at a multimedia source
of FIG. 23 to the plurality of heterogeneous client devices of
FIG. 24 in accordance with an embodiment of the present
invention;

FIG. 26 illustrates a modular structure of the panoramic
multimedia server, in accordance with an embodiment of the
present invention;

FIG. 27 illustrates a learning module coupled to the
panoramic multimedia server of FIG. 26, in accordance with
an embodiment of the present invention;

FIG. 28 illustrates processes performed at a panoramic
multimedia server where a panoramic video signal is
adapted to client-device types then content filtered, in accor-
dance with an embodiment of the present invention;

FIG. 29 illustrates processes performed at panoramic
multimedia server where a panoramic video signal is content
filtered then adapted to client-device types, in accordance
with another embodiment of the present invention;

FIG. 30 is a flow chart depicting processes of acquisition
of a panoramic multimedia signal and adapting the acquired
multimedia signal to individual clients, in accordance with
an embodiment of the present invention;

FIG. 31 is a flow chart depicting executing the processes
of FIG. 30 in a different order, in accordance with another
embodiment of the present invention;

FIG. 32 illustrates a streaming-control table maintained at
the panoramic multimedia server for a specific video-source,
in accordance with an embodiment of the present invention;

FIG. 33 illustrates a process of initial adaptation of a
multimedia signal for a specific client, in accordance with an
embodiment of the present invention;

FIG. 34 illustrates a table recording a count of viewing-
preference patterns for each type of client devices, in accor-
dance with an embodiment of the present invention; and

FIG. 35 illustrates coupling the panoramic multimedia
server to a router-switch of a network, in accordance with an
embodiment of the present invention;

TERMINOLOGY

Signal: A data stream occupying a time window is herein
referenced as a “signal”. The duration of the time window
may vary from a few microseconds to several hours.
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Coverage of a video signal: The coverage (or spatial cov-
erage) of a video signal is defined herein as the solid angle
subtended by a space visible to a camera that produces the
video signal.

Full-coverage video signal: A video signal of coverage of 47t
steradians is referenced as a full-coverage video signal.

Attainable-coverage video signal: A full-coverage video
signal is produced by an ideal camera. The actual cover-
age of a video signal produced by a camera is referenced
as the attainable coverage.

Partial-coverage video signal: A video signal of coverage
less than the attainable coverage is referenced as a partial-
coverage video signal.

Panoramic video signal: A video signal of an attainable
coverage approximating full coverage is referenced as a
panoramic video signal.

Panoramic multimedia signal: A composite signal compris-
ing audio signals, image signals, text signals, and a
panoramic video signal is herein called a panoramic
multimedia signal.

Partial-coverage multimedia signal: A composite signal
comprising audio signals, image signals, text signals, and
a partial-coverage video signal is herein called a partial-
coverage multimedia signal.

Full-coverage camera (or 4w camera): A camera producing
a full-coverage video signal is herein referenced as a
full-coverage camera or a 47 camera.

Source: A panoramic multimedia source comprises a full-
coverage camera as well as de-warping and decompres-
sion modules; the term “source” is used herein to refer to
a panoramic multimedia source.

Signal filtering: The term signal filtering refers to conven-
tional operations performed at a signal receiver to elimi-
nate or reduce signal degradation caused by noise and
delay jitter; a signal-filtering process does not alter the
content of the signal.

Content filtering: The term refers to a process of modifying
the information of a signal (following a process of signal
filtering) to retain only specific information; content-
filtering of a full-coverage (attainable coverage) video
signal yields a partial-coverage video signal correspond-
ing to a reduced (focused) view region.

Raw video signal: The signal produced by a camera is
referenced as a “raw video signal”.

Corrected video signal: A de-warped raw video signal is
referenced as a “corrected video signal”.

Compressed video signal: A compressed raw video signal is
referenced as a “compressed video signal”.

Compact video signal: A compressed corrected signal is
referenced as a “compact video signal”.

Rectified video signal: Processes of de-warping a raw video
signal followed by compression, then decompression or
processes of compressing a raw video signal followed by
decompression and de-warping yield a rectified video
signal.

Pure video signal: A corrected video signal or a rectified
video signal is referenced herein as a pure video signal. A
pure video signal corresponds to the respective scene
captured at source.

Signal sample: The term refers to a video signal of full
coverage (attainable coverage) derived from a pure video
signal, or from a transcoded video signal derived from the
pure video signal. The flow rate (bit rate) of a signal
sample would be substantially lower than the flow rate of
the video signal from which the signal sample is derived.
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A signal sample is sent to a client device to enable a
viewer at the client device to select and identify a pre-
ferred view region.

Source video signal: A video signal received at a panoramic
multimedia server from a panoramic multimedia source is
referenced as a “source video signal”; a source video
signal may be a raw video signal, corrected video signal,
compressed video signal, or a compact video signal.

Source multimedia signal: A multimedia signal received at a
panoramic multimedia server from a panoramic multime-
dia source is referenced as a “source multimedia signal”;
a source multimedia signal may contain a source video
signal in addition to signals of other forms such as an
audio signal or a text signal.

Transmitter: The term refers to the conventional device
which modulates a carrier wave (an optical carrier or a
microwave carrier) with a baseband signal to produce a
modulated carrier.

Receiver: The term refers to the conventional device which
demodulates a modulated carrier to extract the transmitted
baseband signal.

Processor: The term refers to a hardware device (a physical
processing device)

Gb/s, Mb/s: Gigabits/second (10° bits/second), Megabits/
second (10° bits/second)

The server of the present invention receives and dissemi-
nates panoramic multimedia signals. A panoramic multime-
dia signal contains a panoramic video signal in addition to
signals of other forms, such as an audio signal and text. The
description and the claimed subject mater focus on novel
features relevant to the video-signal component. However, it
is understood that the server delivers to client devices edited
panoramic video signals together with signals of other types.

DETAILED DESCRIPTION

FIG. 1 illustrates a streaming system 100 comprising a
panoramic multimedia source 110 coupled to a panoramic
multimedia server 120 through a transmission medium 115.
Transmission medium 115 may be a dedicated medium, such
as a fiber-optic link or a wireless link, or may be a switched
path through a shared telecommunication network. The
panoramic multimedia server may communicate with a
plurality of client devices 180 through a network 150.

FIG. 2 illustrates a streaming system 200 comprising a
number n, nz1 of panoramic multimedia sources 110, indi-
vidually identified as 110(0) to 110(n-1), and a number p of
panoramic multimedia servers, p=1, individually identified
as 120(0) to 120(u-1) which may simultaneously serve a
number M, M>1, of client devices of a plurality of client
devices 180. The panoramic multimedia servers 120 may
communicate with the panoramic multimedia sources 110
and the client devices through network 150. Alternatively,
the panoramic multimedia servers 120 may communicate
with the panoramic multimedia sources 110 through one
shared network (not illustrated) but communicate with the
client devices 180 through another network (not illustrated).

A multimedia panoramic source 110 preferably employs a
full-coverage panoramic camera, herein referenced as a 4%
camera, providing view coverage of up to 4 steradians. An
output signal of a 4w camera is herein referenced as a 4%
video signal. A display of a 4z video signal of a captured
scene on a flat screen may differ significantly from the actual
scene due to inherent warping. To eliminate or significantly
reduce the display distortion, an artificial offset distortion
may be applied to the camera-produced signal so that the
display closely resembles a captured scene. Numerous pro-
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cesses, called “de-warping”, for correcting the distorted
video signal are known in the art.

The de-warping process may be implemented at source,
i.e., directly applied to a camera’s output signal, or imple-
mented at the panoramic multimedia server 120.

The video signal at a source 110 may be sent directly to
a panoramic multimedia server 120 over a high-capacity
communication path or compressed at source to produce a
compressed signal, occupying a (much) reduced spectral
band, which is sent to a panoramic multimedia server 120
over a lower-capacity communication path to be decom-
pressed at the panoramic multimedia server.

FIG. 3 illustrates four communication options between a
4 source 110 and a server 120. The source includes a 4w
camera which produces a raw signal 312. The raw signal 312
need be de-warped before display or before further process-
ing to condition the signal to specific recipients.

According to one embodiment, the raw signal 312 may be
sent to a server 120A equipped with a de-warping module
320 which produces a corrected signal 322 which is further
processed to produce recipient-specific signals.

According to another embodiment, the raw signal 312
may be processed at a de-warping module 330 coupled to the
source 110 to produce a corrected signal 322 which is sent
to a server 120B for further processing to produce recipient-
specific signals.

According to a further embodiment, the raw signal 312
may be processed at a compression module 340 coupled to
the source 110 to produce a compressed signal 342 which is
sent to a server 120C. Server 120C is equipped with a
decompression module 350 which de-compresses com-
pressed signal 342 to produce a decompressed signal 352 to
be processed at de-warping module 320 to produce a recti-
fied signal 324. With a lossless compression process and an
ideal decompression process, the decompressed signal 352
would be a replica of raw signal 312. With ideal de-warping,
rectified signal 324 would be a faithful representation of the
captured scenery.

According to a further embodiment, the raw signal 312
may be processed at a de-warping module 330 coupled to the
source 110 to produce a corrected signal 322 which is
processed at a compression module 340 to produce a com-
pact signal 343 to be sent to a server 120D. Server 120D is
equipped with a decompression module 350 which de-
compresses compact signal 343 to produce a rectified signal
324. With an ideal de-warping module 330, a lossless
compression process, and an ideal decompression process,
the rectified signal would be a faithful representation of the
captured scenery.

FIG. 4 illustrates communication paths corresponding to
the communication options of FIG. 3.

According to the first communication option, a panoramic
signal produced at a 4x camera 310, of panoramic multi-
media source module 110A, is transmitted over a high-
capacity path 480 to server 120A which comprises a de-
warping module 320 and a signal-editing unit 460 which
performs both content filtering and signal adaptation to
client devices and flow-rate constraints. Server 120A com-
prises at least one processor (not illustrated in FIG. 4) and
memory devices storing processor executable instructions
(software instructions) organized as the de-warping module
320 and the signal-editing unit 460. The software instruc-
tions of de-warping module 320 are executed to cause the at
least one processor to use the received signal and known
characteristics of the camera to produce a de-warped cor-
rected signal 322 which may be directly presented to a flat
display device or further processed in signal-editing unit
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460. Signal-editing unit 460 may perform content filtering
processes to produce selective partial-coverage streams,
each tailored to a respective recipient. Signal-editing unit
460 may also produce full-coverage streams each tailored to
a respective recipient.

According to the second communication option, source
module 110B comprises a 4m camera 310, a de-warping
module 330, and a processor (not illustrated) applying
software instructions of de-warping module 330 to the
output signal (raw signal 312) of the 4m camera. The
resulting de-warped signal is sent over a high-capacity
communication path 480 to server 120B which comprises a
signal-editing unit 460 as in the first implementation above.

According to the third communication option, source
module 110C comprises a 4w camera 310, a compression
module 340, and a processor (not illustrated) applying
software instructions of compression module 340 to the
output signal (raw signal 312) of the 4m camera. The
resulting compressed signal 342 is sent over a lower-capac-
ity communication path 490 to server 120C which comprises
a decompression module 350, a de-warping module 320, and
signal-editing unit 460. Server 120C comprises at least one
processor (not illustrated) which implements software
instructions of decompression module 350 to produce
decompressed signal 352. The at least one processor also
implements software instructions of the de-warping module
320 to produce a rectified signal 324. Signal-editing unit 460
processes rectified signal 324 to perform content filtering
processes to produce selective partial-coverage streams,
each tailored to a respective recipient. Signal-editing unit
460 may also produce full-coverage streams each tailored to
a respective recipient.

According to the fourth communication option, source
module 110D comprises a 4m camera 310, a de-warping
module 330, a compression module 340, and a processor
(not illustrated) applying software instructions of the de-
warping module 330 to the output signal (raw signal 312) of
the 4m camera to produce a corrected signal 322. The
processor applies the software instructions of the compres-
sion module 340 to produce a compact signal 343. The
compact signal 343 is sent over a lower-capacity commu-
nication path 490 to server 120D which comprises a decom-
pression module 350 and the signal-editing unit 460. Server
120D comprises at least one processor (not illustrated)
which implements software instructions of decompression
module 350 to reconstruct the corrected signal 322. As in the
previous communication options, signal-editing unit 460
processes rectified signal 324 to perform content filtering
processes to produce selective partial-coverage streams,
each tailored to a respective recipient. Signal-editing unit
460 may also produce full-coverage streams each tailored to
a respective recipient.

With the first or second communication option, a cor-
rected video signal 322 is presented to a signal-editing unit
460. With the third or fourth communication options, a
rectified video signal 324 is presented to a signal-editing unit
460. Both the corrected video signal 322 and the rectified
video signal 324 are considered pure video signals closely
representing a respective scene.

FIG. 5 illustrates components of an end-to-end path 500
corresponding to the first communication option of the
communication options of FIG. 3. Source 110A produces
(baseband) raw signal 312 which is transmitted over high-
capacity path 480 to server 120A. The high-capacity path
480 comprises a source transmitter 520 collocated with
source 110A, transmission medium 115, and server receiver
540 collocated with server 120A. Receiver 540 demodulates
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modulated carrier signal 528 received through transmission
medium 115 to acquire a replica 542 of the raw signal 312.
Server 120A comprises a memory device storing software
instructions constituting de-warping module 320 and a
memory device storing software instructions constituting
signal-editing unit 460. Server 120A also comprises client-
devices interfaces 560 which include server transmitters.
Output signals 585 of server 120A are communicated
through network 150 to respective client devices 180.

FIG. 6 illustrates components of an end-to-end path 600
corresponding to the second communication option of the
communication options of FIG. 3. Source 110B comprises
4m camera 310 and a memory device storing software
instructions constituting de-warping module 330 which
cause a processor (not illustrated) to produce corrected
signal 322. Corrected signal 322 is transmitted over high-
capacity path 480 to server 120B. The high-capacity path
480 comprises a source transmitter 520 collocated with
source 110B, transmission medium 115, and server receiver
540 collocated with server 120B. Receiver 540 demodulates
modulated carrier signal 628 received through transmission
medium 115 to acquire a replica 642 of the corrected signal
322. Server 120B comprises a memory device storing soft-
ware instructions constituting signal-editing unit 460. Server
120B also comprises client-devices interfaces 560 which
include server transmitters. Output signals 685 of server
120B are communicated through network 150 to respective
client devices 180.

FIG. 7 illustrates components of an end-to-end path 700
corresponding to the third communication option of the
communication options of FIG. 3. Source 110C comprises
4m camera 310, which produces (baseband) raw signal 312,
and a memory device storing software instructions consti-
tuting compression module 340. Compression module 340
compresses raw signal 312 into compressed signal 342
which is transmitted over path 490 to server 120C. Path 490
comprises a source transmitter 720 collocated with source
110C, transmission medium 115, and server receiver 740
collocated with server 120C. Receiver 740 demodulates
modulated carrier signal 728 received through transmission
medium 115 to acquire a replica 742 of compressed signal
342. Server 120C comprises a memory device storing soft-
ware instructions constituting decompression module 350, a
memory device storing software instructions constituting
de-warping module 320, and a memory device storing
software instructions constituting signal-editing unit 460.
Server 120C also comprises client-devices interfaces 560
which include server transmitters. Output signals 785 of
server 120C are communicated through network 150 to
respective client devices 180.

FIG. 8 illustrates components of an end-to-end path 800
corresponding to the fourth communication option of the
communication options of FIG. 3. Source 110D comprises
4m camera 310, a memory device storing software instruc-
tions constituting de-warping module 330 which cause a
processor (not illustrated) to produce corrected signal 322,
and a memory device storing software instructions consti-
tuting compression module 340 which cause a processor
(not illustrated) to produce compact signal 343. Compact
signal 343 is transmitted over path 490 to server 120D. Path
490 comprises a source transmitter 720 collocated with
source 110D, transmission medium 115, and server receiver
740 collocated with server 120C. Receiver 740 demodulates
modulated carrier signal received through transmission
medium 115 to acquire a replica 842 of compact signal 343.
Server 120D comprises a memory device storing software
instructions constituting decompression module 350, and a



US 10,419,770 B2

13

memory device storing software instructions constituting
signal-editing unit 460. Server 120D also comprises client-
devices interfaces 560 which include server transmitters.
Output signals 885 of server 120D are communicated
through network 150 to respective client devices 180.

FIG. 9 illustrates input and output signals of a signal-
editing unit 460 of a server 120.

The server 120 receives from a source 110 multimedia
signals including video signals which may be a raw signal
312, a corrected signal 322, a compressed signal 342, or a
compact signal 343. A video signal received at a server from
a source 110 is herein referenced as a “source video signal”.

The server 120 may receive multimedia signals from
different panoramic multimedia sources 110 as illustrated in
FIG. 2. The server may, therefore receive a raw video signal
312 from a first source 110, a corrected video signal 322
from a second source 110, a compressed signal 342 from a
third source, and/or a compact signal 343 from a fourth
source. Preferably, then, the server may be equipped with a
de-warping module 320 and a decompression module 350 to
be able to engage with sources 110 of different types and
produce a pure video signal 920 which may be a corrected
video signal 322 or a rectified video signal 324.

The server receives upstream control signals 910 from
client devices 180 and control signals 921 from a source 110.
The server transmits downstream control signals 912 to
client devices and may transmit control data 922 to the
source 110. Regardless of the source type, the kernel of the
server, which is signal-editing unit 460, processes the pure
video signal 920 based on control signals 910 and 921.

The upstream control signals 910 may include clients’
characterizing data and clients’ requests. The downstream
control signals 912 may include responses to clients’
requests. The downstream control signals 912 may also
include software modules to be installed at client devices
180 to enable each subtending client device to communicate
preferred viewing regions to the server. Control data 921
may include data relevant to source characteristics and
operations already performed at source, such as de-warping
and/or data compression. Control data 922 may include data
characterizing the server.

The signal-editing unit 460 produces edited multimedia
signals 940, each edited multimedia signal being individu-
ally conditioned to: viewing preference of a respective
client; capability of a respective client’s device; and condi-
tion of a network path from the server to the respective
client’s device. The server 120 transmits to client devices the
edited multimedia signals 940.

FIG. 10 illustrates components of an exemplary server
120. The server comprises at least one processor (not
illustrated) and multiple memory devices storing processor
executable instructions organized into a number of modules
including a network interface 1010, a source control-data
module 1022, a source signal-processing module 1024, a
client control-data module 1026, and a set of client-specific
adaptation modules 1060. The network interface 1010 is
coupled to at least one dual link 1008 to at least one network.
The network interface 1010 comprises a server receiver 540
(FIG. 5 and FIG. 6) or 740 (FIG. 7 and FIG. 8) which
demodulates a modulated carrier (optical carrier or wireless
microwave carrier) to detect the baseband source video
signal (raw signal 312, corrected signal 322, compressed
signal 342, or compact signal 343) sent from a source 110
(110A, 110B, 110C, or 110D). A dual link of the at least one
dual link 1008 carries: control data to and from at least one
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source 110 and a plurality of client devices; source multi-
media signals; and edited multimedia signals directed to the
plurality of client devices.

The source video-signal-processing module 1024 may be
equipped with a de-warping module 320 and a decompres-
sion module 350 to produce a pure video signal 920 which
may be a corrected video signal 322 or a rectified video
signal 324.

Network interface 1010 directs source video signals to
source video-signal-processing module 1024 and control
data 921 to source-control data processing module 1022.
Source video-signal-processing module 1024 performs pro-
cesses of:

(1) video-signal de-warping (module 320, FIG. 5);

(2) video-signal decompression (module 350) and de-
warping (module 320, FIG. 7); or

(3) video-signal decompression (module 350).

Modules 1022 and 1024 are communicatively coupled as
indicated in FIG. 10. Outputs of module 1022 may influence
processes of module 1024. Module 1024 may generate
control data 922 directed to a source 110 to be communi-
cated through module 1022 and network interface 1010.

Module 1024 directs pure video signals 920 to a number
m, m>1, of client-specific adaptation modules 1060, indi-
vidually identified as 1060(0) to 1060(m-1). Client-specific
adaptation modules 1060 preferably employ independent
hardware processors. Each client-specific adaptation module
1060 comprises a memory device storing instructions which
cause a respective processor to perform requisite transcod-
ing functions.

The data received from client devices comprises upstream
control data 910. The data directed to client devices com-
prises control data 912 and edited multimedia signals 940.
Upstream control data 910 are extracted at network interface
1010 and directed to clients’ control-data module 1026. The
client-specific adaptation modules 1060 access upstream
control data 910 through a client control bus 1061, where
client-specific control data are held in buffers 1062, or
through other means known in the art. Downstream control
data generated at the client-specific adaptation modules
1060 are distributed to respective client devices 180 through
client control bus 1061, client control-data module 1026,
network interface 1010, and the at least one dual link 1008.
The edited client-specific multimedia signals 940 are com-
bined (combiner 1090) and the aggregate stream 1095 is
distributed to respective client devices 180 through network
interface 1010, the at least one dual link 1008, and at least
one network.

FIG. 11 details a client-specific adaptation module 1060.
The module comprises at least one memory device storing
processor-executable instructions which, when executed,
cause at least one processor to perform processes of content
filtering of a video signal to extract a signal corresponding
to a selected view region and transcoding the content-filtered
video signal to be compatible with the capability of a target
client device 180. The video signal may be compressed
under the constraint of a permissible flow rate which may be
a representative value of a time-varying flow rate.

A client-specific adaptation module 1060 comprises con-
stituent modules: 1120 for content filtering; 1140 for adap-
tation to client-device capability; and 1160 for producing a
video signal having a flow rate within a permissible flow
rate.

In accordance with one embodiment, content-filtering
module 1120 processes the pure video signal 920 to extract
signal portions which correspond to a specified view region
yielding a content-filtered signal 1122. The mean flow rate
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of content-filtered signal 1122 would be lower than the mean
flow rate of signal 920. If signal 1122 is compatible with the
capability of a target client device and has a flow rate
satisfying a permissible value, the signal may be transmitted
to the target client device. Otherwise, module 1140 is
applied to transcode signal 1122 to be compatible with
characteristics of the target client device such as an upper
bound of a frame rate and a frame resolution upper bound.
If the resulting transcoded content-filtered signal 1142 has a
flow rate not exceeding the permissible value, signal 1142
may be transmitted to the target client device. Otherwise,
module 1160 may be applied to compress signal 1142
according to the permissible flow rate yielding signal 940
which is compressed, transcoded, and content-filtered.

In accordance with another embodiment, module 1140
may be applied to transcode pure video signal 920 to yield
a transcoded signal 1152 compatible with the capability of
the target client device. Content-filtering module 1120 pro-
cesses signal 1152 to extract signal portions which corre-
spond to a specified view region yielding a content-filtered
transcoded signal 1132. The mean flow rate of content-
filtered transcoded signal 1132 would be lower than the
mean flow rate of signal 920. If signal 1132 has a flow rate
satisfying a permissible value, the signal may be transmitted
to the target client device. Otherwise, module 1160 may be
applied to compress signal 1132 according to the permissible
flow rate yielding signal 940 which is now compressed,
transcoded, and content-filtered.

FIG. 12 illustrates temporal variation of the flow rate (bit
rate) of a compressed video signal. Conventionally, a num-
ber of descriptors are used to characterize a variable flow
rate (bit rate) signal such as a mean value and a peak value
of the flow rate, and a parameter representing burst duration.
The descriptors and the capacity of a shared network path
designated to transport the signal may be used to determine
an effective flow rate (effective bit rate). Module 1160
ensures that the effective flow rate (effective bit rate) does
not exceed a permissible flow rate of a (purchased) network
connection.

FIG. 13 illustrates modules 1300 for generating a time-
limited video signal of reduced flow rates yet suitable for
exhibiting panoramic full spatial coverage to enable a client
receiving the time-limited video signal to select a preferred
partial-coverage view.

Frame-sampling module 1320 comprises processor
executable instructions which cause a processor to sample
pure video signal 920, or a transcoded video signal derived
from the pure video signal, during distant frame intervals to
produce a frame-sampled video signal 1322 corresponding
to full spatial-coverage sampled images. Frame-sampled
video signal 1322 is not compressed and has a constant flow
rate not exceeding a permissible flow rate. The frame-
sampled video signal 1322 is displayed at a client device
after accumulating all data corresponding to one frame of
the pure video signal 920.

Pure video signal 920 may be a corrected signal 322 or a
rectified signal 324 (FIG. 3). The inter-frame sampling
period is selected so that the (constant) flow rate of the
stream of sampled portions of video signal 920 does not
exceed a permissible flow rate. For example, if the data flow
rate of video signal 920 is 1 Gb/s and the permissible flow
rate is 5 Mb/s, then frame-sampling module 1320 would
select one frame out of each set of 200 successive frames. A
specific client device 180 receiving the sampled frames
would then display each frame repeatedly during a period of
200 frame intervals (5 seconds at a frame rate of 40 frames
per second). The server 120 starts to send a respective edited

35

40

45

50

55

60

16

multimedia signal 940 and terminates transmitting frame
samples after the server receives an indication of a preferred
view region from the specific client device.

The server 120 may send view-selection software instruc-
tions to each client device to facilitate client’s selection of a
preferred view region. The software instructions may be sent
along the same path carrying downstream control data 912
(FIG. 9).

Spatial-temporal compression module 1340 comprises
processor executable instructions which cause a processor to
compress pure video signal 920, or a transcoded video signal
derived from the pure video signal, to produce a compressed
signal 1342 corresponding to full spatial-coverage images.
Compressed signal 1342 would have a fluctuating flow rate
as illustrated in FIG. 12 and compression module 1340
ensures that the effective flow rate (effective bit rate) does
not exceed a permissible flow rate.

A spatial-temporal compression module 1360, similar to
spatial-temporal compression module 1340, causes a pro-
cessor to compress preselected content-filtered (partial cov-
erage) signals 1362 derived from pure video signal 920. A
succession of compressed content filtered signals 1364,
occupying successive time windows, is sent to a target client
device. Each of compressed signals 1364 would have a
fluctuating flow rate as illustrated in FIG. 12 and compres-
sion module 1360 ensures that the effective flow rate (effec-
tive bit rate) of each compressed signal 1364 does not
exceed a permissible flow rate.

FIG. 14 illustrates a process of providing a content-
filtered video signal to a client device. At an instant of time
t,, a user of a specific client device 180 sends a message
1402 to a server 120 requesting viewing of a specific event.
The message is received at the server 120 at time t,. Several
methods may be devised to enable a user of the specific
client device to communicate identifiers of a preferred view
region to the server.

In one method, the server sends a frame-sampled signal
1322 which corresponds to selected full spatial-coverage
panoramic images at time t;. At time t,, the client device 180
starts to receive frame-sampled signal 1322 which is sub-
mitted to a display device after accumulating content of one
frame. At time ts, the user of the specific client device sends
a message 1404 providing parameters defining a selected
view region. Message 1404 is received at the server at time
ts. The server 120 formulates a respective content filtered
video signal corresponding to the selected view region. The
respective content filtered video signal may be compressed
to produce a compressed content-filtered (partial spatial
coverage) signal 1440. The server terminates transmission
of'the frame-sampled signal 1322 at time t, and starts to send
signal 1440 to the client device 180 at time t,. Signal 1440
is decompressed and displayed at the client device. The
client device receives the last frame of frame-sampled signal
1322 before time ty and starts to receive compressed signal
1440 at time t,,. Transmission of compressed signal 1440
ends at time t;; and receiving the signal at the client device
ends at time t,,.

In another method, the server generates a full-coverage
video signal 1342 that is client-device compatible and
compressed to a permissible flow rate as illustrated in FIG.
13. The server sends the signal 1342 at time t, and the client
device 180 starts to receive the compressed signal at time t,,.
The compressed signal 1342 is decompressed at the client
device and submitted to a display device. The sequence of
events after time t, would be similar to the sequence of
events corresponding to the case of frame-sampled video
signal 1322.
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In another method, the server derives from pure video
signal 920 several content-filtered video signals 1362 cor-
responding to preselected view regions as illustrated in FIG.
13. Each of the derived content-filtered video signals is
compatible with the capability of the client device and
compressed to a permissible flow rate. A succession of
signals 1362 may be sent to the client device and a user of
the client device may send a message to the server indicating
a preferred one of the preselected view regions.

FIG. 15 illustrates temporal bit-rate variation (flow rate
variation) of video signals transmitted from a server 120 to
a client device 180. The bit rate of frame-sampled signal
1322 is constant and set at a value not exceeding a pre-
defined permissible bit rate. The bit rate of compressed
content-filtered signal 1440 is time variable. Conventionally,
a variable bit rate is characterized by parameters such as a
mean bit rate, a peak bit rate, and a mean data-burst length.
The parameters, together with the capacity of a respective
network path, may be used to determine an “effective bit
rate” which is larger than the mean bit rate. The formulation
of the frame-sampled signal 1322 ensures that the resulting
constant bit rate does not exceed the predefined permissible
bit rate (which may be based on a service-level agreement).
The compression process at the server 120 is devised to
ensure that the effective bit rate of the compressed signal
1440 does not exceed the permissible bit rate.

FIG. 16 illustrates basic components 1600 of signal-
editing unit 460 (FIG. 4 to FIG. 9) of a server 120. In a first
stage 1610, the pure video signal 920 is processed to
produce a number K, K=1, of content-filtered signals 1612.
In a second stage 1620, each content-filtered signal 1612 is
adapted to a respective client device or group of client
devices 180. Each content-filtered signal is directed to a
respective signal-processing unit 1630 to produce a respec-
tive conditioned signal 1650 satisfying a number of condi-
tions including upper bounds of frame-rate, resolution, and
flow rate (bit rate). A conditioned signal 1650 may be
suitable to multicast to a number of client devices. The
content-filtered signals 1612 are individually identified as
1612(0) to 1612(K-1). The signal-processing units 1630 are
individually identified as 1630(0) to 1630(K-1). The con-
ditioned signals 1650 are individually identified as 1650(0)
to 1650(K-1).

FIG. 17 illustrates a content-filtering stage 1610 compris-
ing K content-filtering modules 1720, individually identified
as 1720(0) to 1720(K-1). Each content-filtering module
1720 is devised to cause a physical processor (not illus-
trated) to extract portions of pure video signal 920 which
corresponds to a specified view region. The pure video
signal 920 is submitted to each content-filtering module
1720 which is activated to produce a corresponding content-
filtered signal 1612. A particular content-filtered signal 1612
may be multicast to a number of clients that have indicated
preference of the view region corresponding to the particular
content-filtered signal. However, the client devices may
have different characteristics, the capacities of network
paths to the client devices may differ, and the permissible
flow rates to the client devices may differ due differing
network-path capacities and time-varying traffic loads at the
client devices. Thus, content-filtered signals 1612 are pro-
cessed in the second stage 1620 for adaptation to client
devices and network-paths.

FIG. 18 illustrates a signal-processing unit 1630, of the
second stage 1620, comprising a transcoding module 1840
for signal adaptation to client-device types and modules
1860 for signal flow-rate adaptation to conform to permis-
sible flow-rates. A module 1840 may adapt a video signal to
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have a frame rate and resolution within the capability of a
respective client device. With N types of active client
devices, Nz1, module 1840 produces N signals 1842, indi-
vidually identified as 1842(0) to 1842(N-1), each adapted to
a respective device type. A module 1860 may further reduce
the flow rate of a signal if the flow rate exceeds a permissible
value. Each module 1860(j), O<j<N, comprises a buffer 1861
for holding a data block of a respective signal 1842 and a
memory device 1862 storing processor-executable instruc-
tion for flow-rate adaptation.

FIG. 19 illustrates an exemplary implementation 1900 of
the signal-editing unit 460. The content filtering stage 1610
comprises K content-filtering modules 1720 as illustrated in
FIG. 17. Each content-filtered signal 1612 is submitted to a
transcoding module 1840 to adapt the signal to a respective
client-device type. A transcoding module 1840 comprises a
buffer 1922 for holding a data block of a content-filtered
signal 1612 and a memory device 1923 storing processor
executable instructions which cause a processor to modify
the frame rate and/or resolution to be compatible with the
capability of a client-receiver. Each output signals 1842 of
a transcoding module 1840 may be further processed at a
flow-rate adaptation module 1860.

As illustrated in FIG. 17, K modules 1720, individually
identified as 1720(0) to 1720(K-1), K>1, may be activated
simultaneously to extract different content-filtered signals
1612(0) to 1612(K-1) each further processed at a respective
signal-processing unit 1630 to produce a signal 1650 suit-
able for display at a respective client device or a set of client
devices.

As illustrated in FIG. 18, a content-filtered signal 1612 is
transcoded to be compatible with a target client device 180
and further adapted to a flow rate not exceeding a permis-
sible upper bound. FIG. 20 illustrates processes 2000 of
video signal editing for a target client device 180. Control
signals 910 may provide traffic-performance measurements
2014, a nominal frame rate and frame resolution 2016, and
identifiers 2012 of a preferred view region. A pure video
signal 920 is directed to a content-filtering module 1720()
to extract content of video signal 920 that corresponds to a
view region j identified by a user of the target client device.
Module 2040 is activated to determine a permissible flow
rate @ as well as a frame rate and frame resolution, com-
patible with the target client device 180, to be used in
module 1840(j). Transcoding module 1840(j) is activated to
adapt the extracted content-filtered signal 1612(j) to the
frame rate and frame resolution determined by module 2040.
Compression module 2030 produces an edited video signal
940 which complies with an identified view region and is
adapted to the capability of the target client device 180 and
the capability of the network path from the server 120 to the
target client device 180. Transmitter 2050 sends a signal
2052 to the target client device. Signal 2052 comprises video
signal 940 together with accompanying multimedia signals
(such as audio signals and/or text) and control signals.
Signal 2052 is routed to the target client device along a
network path 2060.

FIG. 21 details module 2040. Starting with a nominal
frame rate and nominal frame resolution of the target client
device 180, which may be stored at the server or included in
control signals 910 received from the target client, process
2110 determines the requisite flow rate R at the display
device of the target client device 180 as a direct multipli-
cation of the frame rate, the number of pixels per frame, and
the number of bits per pixel. Independently, process 2120
determines a permissible flow rate @ (reference 2122)
between the server and the target client device based on
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measurements of traffic performance along the network path
2060 and the occupancy of a receiving buffer at the client
device. The traffic-performance measurements include a
data-loss indicator (if any) and delay jitter. The traffic-
performance measurements are determined using techniques
well known in the art. Determining the permissible flow rate
based on measured traffic performance may be based on
empirical formulae or based on a parameterized analytical
model.

Process 2140 determines whether the ratio of the requisite
flow rate R at the display device of the target client server
to the permissible flow rate @ along the network path 2060
is suitable for compression module 2030. If the flow rate R
is to be reduced to satisfy a compression-ratio limit, process
2150 may determine a revised frame rate and/or a revised
resolution 2152 to be communicated to module 1840 (FIG.
20). The permissible flow rate ® may be communicated to
compression module 2030.

FIG. 22 illustrates components of a client device 180. A
memory device 2210 stores client-device characterizing
data, such as upper bounds of a frame rate and frame
resolution of a display device. A memory device 2220 stores
software instructions for interacting with specific servers
120. The instructions may include software modules to
enable a user of a client device to communicate identifica-
tions of preferred viewing regions to the server. The soft-
ware instructions may be installed by a user of a client
device or sent from a server 120 together with the down-
stream control signals 912. A client transmitter 2230 trans-
mits all control data from the client device to respective
servers 120. A client receiver 2240 receives all signals from
server(s) 120 including edited video signal 940 (which may
be compressed), other multimedia data (audio signals and
text), and control signals 912. An interface 2242 directs
control signals 912 to processor 2250 and edited video
signal 940, together with accompanying audio signals and
text, to a memory device 2260 which buffers data blocks of
incoming multimedia data comprising the video signal 940,
audio data, and text. If the incoming multimedia data is not
compressed, the data may be presented to the display device
2290. Otherwise, client decompression module 2270
decompresses the compressed data block buffered in
memory device 2260 to produce display data held in
memory device 2280 coupled to the display device 2290.
Notably, a data block corresponding to one frame of a
full-coverage frame-sampled signal 1322 (FIG. 13, FIG. 14)
may be displayed numerous times before dequeueing from
memory device 2280.

FIG. 23 illustrates communication paths between a pan-
oramic multimedia server 120 and two panoramic multime-
dia sources 110-0 and 110-1. A multimedia source 110
comprises a panoramic camera 310 (e.g., a 4w camera), and
may include a de-warping module 330 and/or a compression
module 340 as illustrated in FIGS. 3 to 8. Although only two
panoramic multimedia sources 110 are illustrated, it should
be understood that the panoramic multimedia server 120
may simultaneously content to more multimedia sources
110. In a preferred implementation, the panoramic multime-
dia server is cloud-embedded so that the network connec-
tivity and processing capacity of the panoramic multimedia
server may be selected to suit the activity level. A source
multimedia signal from a panoramic multimedia source 110
is transmitted to the panoramic multimedia server 120
through a network path 2312 of an appropriate transmission
capacity. The source multimedia signal includes a source
video signal 2340.
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With an ideal network path 2312, the received multimedia
signal at the panoramic multimedia server 120 would be a
delayed replica of the transmitted video signal. The network
path 2312, however, may traverse a router at source, a router
at destination, and possibly one or more intermediate rout-
ers. Thus, the received multimedia signal may be subject to
noise, delay jitter, and possibly partial signal loss. With
signal filtering at the server 120 and flow-rate control, the
content of the received multimedia signal would be a close
replica of the content of the transmitted multimedia signal.
The video signal component 2360 of the received multime-
dia signal constitutes the source video signal as defined
above.

The source video signal 2360 may be a “raw” video signal
312 produced by a panoramic camera, a corrected video
signal 322, or a compressed video signal 342, or a compact
video signal 343 as illustrated in FIG. 3. A corrected video
signal 322 is produced from the raw video signal using
de-warping module 330. A compressed video signal 342 is
produced from the raw signal 312, using compression mod-
ule 340 (FIG. 3), according to one of standardized compres-
sion methods or a proprietary compression method. A com-
pact video signal 343 is produced from a corrected video
signal 322 using a compression module 340. The raw video
signal may be produced by a single panoramic camera or
multiple cameras.

The panoramic multimedia server 120 may send control
signals 922 (FIG. 9) to the panoramic multimedia source 110
through a network path 2314, which would be of a (much)
lower transmission capacity in comparison with the payload
path 2312. The control signals 922 are received at the
panoramic multimedia source 110 as control signals 2341
which have the same control information of signals 922.

FIG. 24 illustrates communication paths between the
panoramic multimedia server 120 and a plurality of hetero-
geneous client devices 180. The panoramic multimedia
server 120 sends edited multimedia signals 940 to the client
devices through network paths 2412. The panoramic mul-
timedia server 120 receives control data 910 from individual
client devices 180. The control data 910 may include
requests for service and selection of view regions.

FIG. 25 illustrates a system 2500 of multicasting the
client-specific multimedia signals 940 adapted from a pan-
oramic multimedia signal 2340 generated at the multimedia
source 110 to the plurality of heterogeneous client devices
180. The multimedia signals 940 are individually adapted to
capabilities of respective client devices, available capacities
(“bandwidths™) of network paths, and clients’ preferences.
The panoramic multimedia server 120 may be implemented
using hardware processing units and memory devices allo-
cated within a shared cloud computing network. Alterna-
tively, selected processes may be implemented in a comput-
ing facility outside the cloud.

FIG. 26 illustrates a modular structure of the panoramic
multimedia server 120 comprising at least one hardware
processor 2610. A multimedia source interface 2651 controls
communication with the multimedia source 110. A module
2652 characterizes the multimedia source 110 and commu-
nicates source-characterization data to a set 2620 of modules
devised to process the received panoramic multimedia signal
2360. The source-characterization data may be determined
from characterization data communicated by a panoramic
multimedia source or from stored records. The set 2620 of
modules includes a signal filtering module 2621, for offset-
ting signal degradation due to transmission noise and delay
jitter, and may include a decompression module 350 and a
de-warping module 320. The signal-filtering module 2621
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offsets signal degradation caused by noise and delay jitter. If
the “raw” video signal 312 (FIG. 3) has been de-warped at
source to produce a “corrected signal” 322 that is further
compressed at source, the decompression module 350
applies appropriate decompression processes to produce a
replica of the corrected signal 322. Otherwise, if the raw
video signal 312 has been compressed at source without
de-warping, the decompression module 350 applies appro-
priate decompression processes to produce a replica of the
raw signal 312 which is then de-warped using de-warping
module 320.

The client-device related modules 2640 include a client-
device characterization module 2642 and a module 2643 for
signal adaptation to client-device characteristics. The client-
device characterization module 2642 may rely on a client-
profile database 2641 or extract client-device characteristics
from characterization data received via clients’ interface
2661. A client’s device characteristics may relate to pro-
cessing capacity, frame rate, frame resolution, flow-rate
limitation, etc.

Client-specific modules 2660 include clients’ interface
2661, a module 2662 for signal adaptation to a client’s
environment, and a module 2663 for signal adaptation to a
client’s viewing preference.

FIG. 27 illustrates a panoramic multimedia server 120
including a learning module 2725 for tracking clients’
selections of viewing options and correlating the viewing
options to characteristics of client devices and other clients’
attributes.

FIG. 28 illustrates processes performed at panoramic
multimedia server 120 where a panoramic video signal is
adapted to client-device types then content filtered. In pro-
cess 2820, a received source video signal 2360 is decom-
pressed if the source video signal 2340 has been compressed
at source. The received source video signal 2360 is de-
warped if the source video signal 2340 has not been de-
warped at source. Process 2820 produces a pure video signal
920, which may be a corrected video signal 322 or a rectified
video signal 324 (FIG. 3) as described above. Multiple
processes 2830 may be executed in parallel to transcode
pure video signal 920 to video signals adapted to different
types of client devices.

Each of processes 2830 is specific to client-device type. A
process 2830 transcodes the pure video signal 920 resulting
from process 2820 to produce a modified signal suitable for
a respective client-device type. Several clients may be using
devices of a same type. However, the clients may have
different viewing preferences. A video signal produced by a
process 2830 is adapted in process 2840 to a view-region
selection of a respective (human) client. However, if two or
more clients using devices of a same type also have similar
viewing preferences, a single process 2840 may be executed
and the resulting adapted signal is transmitted to the two or
more clients.

FIG. 29 illustrates processes performed at panoramic
multimedia server 120 where a panoramic video signal is
content filtered then adapted to client-device types. As in
process 2820 of FIG. 28, a received source video signal 2360
is decompressed if the source video signal 2340 has been
compressed at source. The received source video signal
2360 is de-warped if the source video signal 2340 has not
been de-warped at source. Process 2820 produces a pure
video signal 920, which may be a corrected video signal 322
or a rectified video signal 324 (FIG. 3) as described above.
A memory device stores a set 2925 of predefined descriptors
of partial-coverage view regions.
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Multiple processes 2930 may be executed in parallel to
perform content filtering of pure video signal 920 to produce
content-filtered video signals corresponding to the pre-
defined descriptors of partial-coverage view regions. Mul-
tiple processes 2940 may be executed in parallel to adapt a
content-filtered video signal to different types of client
devices. If two or more clients select a same view region and
use client devices of a same type, a single process 2940 is
executed and the resulting adapted video signal is transmit-
ted to the two or more clients.

FIG. 30 illustrates a method of acquisition of a panoramic
multimedia signal and adapting the acquired multimedia
signal to individual clients. The panoramic multimedia
server 120 acquires a panoramic multimedia signal and,
preferably, respective metadata from a selected panoramic
multimedia source 110 (process 3010). The acquired pan-
oramic multimedia signal includes a source video signal
which may be a raw video signal, corrected video signal,
compressed video signal, or a compact video signal as
illustrated in FIG. 3. The source video signal is filtered to
offset degradation caused by noise and delay jitter (process
3012) and decompressed if the signal has been compressed
at source (process 3014). The so-far-processed signal is
de-warped if not originally de-warped at source (process
3018). Processes 3010 to 3018 yield a pure video signal 920.

When a service request is received from a client (process
3020), the pure video signal 920 is adapted to the charac-
teristics of the client’s device (process 3022). The adapted
signal is compressed (process 3026) and transmitted to the
client device (process 3028). Process 3026 takes into con-
sideration flow-rate constraints which may be dictated by
condition of the network path from the server to the client
device

The client may prefer a specific view region and com-
municate with the panoramic multimedia server 120 to
indicate the preference. Upon receiving a control signal
3030 from the client specifying a preferred view region
(process 3032), the adapted signal produced in process 3022
is content filtered (process 3034), compressed (process
3026), and transmitted to the client device (process 3028).
The pure view signal 920 may be content-filtered several
times during a streaming session.

FIG. 31 illustrates a method, similar to the method of FIG.
30, of acquisition of a panoramic multimedia signal and
adapting the acquired multimedia signal to individual cli-
ents. The only difference is the order of executing processes
3010, 3020, and 3022.

FIG. 32 illustrates an exemplary streaming-control table
3200 corresponding to a specific panoramic multimedia
source 110 maintained at the panoramic multimedia server
120. An edited multimedia signal 940 (FIG. 9, FIG. 24)
delivered to a specific client device 180 depends on the
characteristics of the client device and on the viewing
preference of a viewer using the client device. With a large
number of client devices 180 connecting concurrently to a
panoramic multimedia server 120 (watching an activity in
real time), it is plausible that:

(1) numerous clients use client devices 180 of the same

characteristics but have differing viewing preferences;

(i1) numerous clients have similar viewing preferences but

use client devices of differing characteristics; and/or

(ii1) two or more clients use client devices of the same

characteristics and have the same viewing preferences.

Thus, to reduce the processing effort of the panoramic
multimedia server 120:

module 2643 may be exercised only once for all client

devices of the same characteristics then module 2663 is
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exercised only once for all clients having similar client
devices and similar viewing preferences; or

module 2663 may be exercised only once for all clients

having similar viewing preferences then module 2643
is exercised only once for all clients having similar
viewing preferences and similar client devices.

As described earlier, module 2643 is devised for signal
adaptation to client-device characteristics and module 2663
is devised for signal adaptation to a client’s viewing pref-
erence.

The clients’ requests for service may arrive in a random
order and a simple way to track prior signal adaptation
processes is to use a streaming control table 3200 (FIG. 32).
Table 3200 is null initialized. In the example of FIG. 32,

there are eight types of client devices 180, denoted
D0, D1, ..., D7, and there are six view options denoted V0,
V1, ..., V5, quantified, for example, according to viewing

solid angles. A first client accessed the panoramic multime-
dia server 120 using a client device of type D1 and requested
viewing option V3. A stream denoted stream-0 is then
created and indicated in control table 3200. Another stream,
denoted stream 1, is created for another client using a client
device 180 of type D5 and specifying viewing option V2,
and so on. Only six streams are identified in control table
3200, but it is understood that with a large number of
simultaneously connected client devices 180 there may be
numerous streams. When a new request from a client is
received, control table 3200 is accessed to determine
whether a new stream need be created or an existing stream
be directed to the client. All of the streams corresponding to
a device type are herein said to form a “stream category”.

FIG. 33 illustrates a streaming control process 3300 of
initial adaptation of a video-signal for a specific client
device 180. A request for service is received at client-
interface module 2661 from a client device 180 (process
3310) and the type of client device 180 is identified (process
3312). Process 3314 determines whether the device type has
been considered.

If the client device type has not been considered (process
3314), a new stream category is created (process 3320) and
the pure video signal 920 is adapted to the device type
(process 3322). The new stream category is recorded (pro-
cess 3324), a new stream is created (process 3326) and
transmitted to the specific client device (process 3330).

If the device type has already been considered (process
3314), a stream category is identified (process 3316). At this
point, the client may not have indicated a viewing preference
and a default viewing option may be assigned. If a stream
corresponding to an identified view region has already been
created (process 3326), the stream is transmitted to the
specific client device (process 3330). Otherwise, a new
stream is created (process 3326) and transmitted to the
specific client device (process 3330).

FIG. 34 illustrates an exemplary table 3400 produced by
the learning module 2725 indicating a count of viewing
options for each type of client devices 180. Eight client-
device types denoted DO, D1, . . . ; D7 and six viewing
options denoted V0, V1, . . ., V5 are considered. The table
may accumulate a count of selections of each stream defined
by a device type and a viewing option over a predefined time
window which may be a moving time window.

In the exemplary table of FIG. 34, the most popular
viewing option for clients using the client-device denoted
D1 is viewing option V3 (selected 64 times over the time
window). Thus, a new request for service received at the
panoramic multimedia server 120 from a client device of
type D1 may be initially assigned viewing option V3.
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FIG. 35 illustrates coupling the panoramic multimedia
server 120 to a network. The panoramic multimedia server
120 may be implemented in its entirety within a cloud
computing network and communication with the client
devices 180 may also take place within the cloud computing
network. Alternatively, the generated client bound streams
940 may be routed to the client devices through a router/
switch 3540 of another network. Router-switch 3540 may
connect to numerous other servers or other router-switches
through input ports 3541 and output ports 3542.

The disclosed panoramic multimedia server is devised to
interact with multiple panoramic multimedia sources of
different types and with client devices of different capabili-
ties. The server may exchange control signals with a pan-
oramic multimedia source to enable acquisition of multime-
dia signals together with descriptors of the multimedia
signals and data indicating signal processes performed at
source. The server may exchange control signals with a
client device to coordinate delivery of a signal sample of a
full-coverage (attainable-coverage) panoramic video signal
and acquire identifiers of a preferred view region from a
viewer at the client device.

The server is devised to implement several methods of
capturing a client’s viewing preference. According to one
method, a signal sample corresponding to attainable spatial
coverage is sent to client device and a viewer at a client
device may send an identifier of a preferred view region to
the server. The server then sends a corresponding content-
filtered video signal. The server distributes software module
to subtending client devices to enable this process. Accord-
ing to another method, the server may multicast to client
devices a number of content-filtered video signals corre-
sponding to different view regions. The content-filtered
video signals are derived from a full-coverage (attainable-
coverage) panoramic video signal. Viewers at the client
devices may individually signal their respective selection.
The server may use a streaming-control table (FIG. 32) to
eliminate redundant processing.

Processor-executable instructions causing respective
hardware processors to implement the processes described
above may be stored in processor-readable media such as
floppy disks, hard disks, optical disks, Flash ROMS, non-
volatile ROM, and RAM. A variety of processors, such as
microprocessors, digital signal processors, and gate arrays,
may be employed.

Although specific embodiments of the invention have
been described in detail, it should be understood that the
described embodiments are intended to be illustrative and
not restrictive. Various changes and modifications of the
embodiments shown in the drawings and described in the
specification may be made within the scope of the following
claims without departing from the scope of the invention in
its broader aspect.

The invention claimed is:

1. A method of video signal streaming implemented at a
server comprising at least one physical processor, the
method comprising:

obtaining from a panoramic multimedia source a pan-

oramic video signal;

transcoding the panoramic video signal to produce a

transcoded signal compatible with a specific type of
client devices;

generating a signal sample comprising a set of distant

frames of the transcoded signal conforming to a pre-
determined permissible flow rate lower than a flow rate
of said transcoded signal, consecutive frames of said
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set of distant frames being separated by a time interval
exceeding a duration of a single frame;

sending said signal sample to a client device of the

specific type;

receiving from said client device an identifier of a respec-

tive preferred view region;

content-filtering the transcoded signal to produce a client-

specific signal corresponding to the respective pre-
ferred view region at said predetermined permissible
flow rate; and

transmitting the client-specific signal to said client device.

2. The method of claim 1 further comprising:

obtaining from the panoramic multimedia source indica-

tions of signal processing applied to the panoramic
video signal;

decompressing the panoramic video signal subject to a

determination that the panoramic video signal has been
compressed; and

de-warping the panoramic video signal subject to a deter-

mination that the panoramic video signal has not been
de-warped.

3. The method of claim 1 further comprising compressing
the client-specific signal, under constraint of the predeter-
mined permissible flow rate, prior to said transmitting.

4. The method of claim 1 further comprising sending to
the client device view-selection processor executable
instructions to enable a user of the client device to commu-
nicate identifications of the preferred view region to the
server.

5. The method of claim 1 wherein the panoramic video
signal is produced by a single camera.

6. The method of claim 1 wherein the panoramic video
signal is produced by combining video signals produced by
multiple cameras.

7. The method of claim 1 wherein the at least one physical
processor and associated memory devices are allocated
within a shared cloud-computing network.

8. The method of claim 1 wherein said obtaining com-
prises communicating with at least one of:

a signal source comprising a panoramic camera;

a signal source comprising a panoramic camera and a

de-warping module;

a signal source comprising a panoramic camera and a

compression module; and

a signal source comprising a panoramic camera, a de-

warping module, and a compression module.

9. The method of claim 1 further comprising accessing a
client-profile database storing characteristics of each client-
device type of a set of client-device types, the characteristics
comprising upper bounds of frame rate, frame resolution,
and flow rate for use in said transcoding.

10. A server for video signal streaming, comprising:

a processor;

a memory device storing computer executable instruc-

tions causing the processor to:

obtain a panoramic video signal from a panoramic mul-

timedia source;
transcode the panoramic video signal to produce a
transcoded signal compatible with a specific type of
client devices belonging to a plurality of client devices;

generate a signal sample comprising a set of distant
frames of the transcoded signal conforming to a pre-
determined permissible flow rate lower than a flow rate
of the transcoded signal, consecutive frames of the set
of distant frames being separated by a time interval
exceeding a duration of a single frame;
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send the signal sample to a client device of the specific
type;

receive from the client device an identifier of a respective
preferred view region;

content-filter the transcoded signal to produce a client-
specific signal corresponding to the respective pre-
ferred view region at the predetermined permissible
flow rate; and

transmit the client-specific signal to the client device.

11. The server of claim 10 further comprising a memory
device storing software modules for distribution to the
plurality of client devices to enable users of the client
devices to communicate identifications of selected viewing
regions to the server.

12. The server of claim 10 further comprising a client-
profile database, communicatively coupled to the processor,
storing characteristics of each client-device type of a set of
client-device types, the characteristics comprising upper
bounds of frame rate and frame resolution.

13. The server of claim 10 further comprising network
access ports for communicating with a plurality of video
sources and the plurality of client devices.

14. The server of claim 10 further comprising:

a decompression module for decompressing the pan-
oramic video signal subject to a determination that the
panoramic video signal has been compressed at the
panoramic multimedia source;

a de-warping module for de-warping the panoramic video
signal subject to a determination that the panoramic
video signal has not been de-warped at the panoramic
multimedia source; and

a compression module for compressing the client-specific
signal.

15. A server for video signal streaming, comprising:

a processor;

a memory device storing computer executable instruc-
tions organized into:

a network interface for communicating with:

a panoramic multimedia source to acquire a panoramic
video signal; and

a plurality of client devices;

a transcoding module for transcoding the panoramic video
signal to produce a transcoded signal compatible with
a specific type of client devices;

a frame-sampling module for generating a signal sample
comprising a set of distant frames of the transcoded
signal conforming to a predetermined permissible flow
rate lower than a flow rate of the transcoded signal,
consecutive frames of the set of distant frames being
separated by a time interval exceeding a duration of a
single frame;

a client control-data module for sending the signal sample
to a client device of the specific type and receiving an
identifier of a respective preferred view region from the
client device through the network interface;

a client-specific adaptation module for content-filtering
the transcoded signal to produce a client-specific signal
at the predetermined permissible flow rate for trans-
mission to the client device through the network inter-
face, the client-specific signal corresponding to the
respective preferred view region.

16. The server of claim 15 further comprising a source

signal processing module equipped with:

a de-warping module for de-warping the panoramic video
signal subject to a determination that the panoramic
video signal has not been de-warped at the panoramic
multimedia source; and
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a decompression module for decompressing the pan-
oramic video signal subject to a determination the
panoramic video signal has been compressed at the
panoramic multimedia source.

17. The server of claim 15 wherein the memory device
further comprises software modules for distribution to the
plurality of client devices to enable users of the client
devices to communicate identifications of selected viewing
regions to the server.

18. A system for video signal streaming, comprising:

a plurality of multimedia sources providing panoramic

video signals;

a server, comprising:

a processor;
a memory device storing computer executable instruc-
tions causing the processor to:

obtain a panoramic video signal from one of the pan-
oramic multimedia sources;

transcode the panoramic video signal to produce a
transcoded signal compatible with a specific type of
client devices;

generate a signal sample comprising a set of distant
frames of the transcoded signal conforming to a pre-
determined permissible flow rate lower than a flow rate
of the transcoded signal, consecutive frames of the set
of distant frames being separated by a time interval
exceeding a duration of a single frame;

send the signal sample to a client device of the specific
type;

receive from the client device an identifier of a respective
preferred view region;

content-filter the transcoded signal to produce a client-
specific signal corresponding to the respective pre-
ferred view region at the predetermined permissible
flow rate; and

transmit the client-specific signal to the client device.
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19. The system of claim 18 wherein at least one of the
panoramic multimedia sources comprises:

a panoramic camera of up to 4m solid angle coverage;
a de-warping module; and
a compression module.

20. The system of claim 19 wherein the at least one of the
panoramic multimedia sources is configured to provide:

a raw signal as captured at said panoramic camera;

a corrected signal derived from the raw signal using the

de-warping module;

a compressed signal derived from the raw signal using the

compression module; and

a compact signal derived from the raw signal using the

de-warping module and the compression module.

21. The system of claim 20 wherein the at least one of the
panoramic multimedia sources is configured to provide
indication of signal-processing functions applied to the raw
signal.

22. The system of claim 18 further comprising a dedicated
transmission medium connecting the server to the one of the
panoramic multimedia sources.

23. The system of claim 18 further comprising access to
a network connecting the server to the one of the panoramic
multimedia sources.

24. The system of claim 23 further comprising at least one
additional server connecting to the plurality of multimedia
sources through the network.

25. The server of claim 18 wherein the memory device
further comprises software modules for distribution to the
client devices to enable users of the client devices to
communicate identifications of selected viewing regions to
the server.



